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Abstract. We used HPLC to examine the bioactive compounds such as alkaloids and polyphenols in green and black tea 
powders and their use as potential additives in ruminant diets. Caffeine was the highest alkaloid in both green and black 
teas. Green tea had significantly higher concentrations of alkaloids and catechins but lower theaflavins than black tea. 
Epigallocatechin gallate, epicatechin gallate and epigallocatechin were the major catechins in green tea while theaflavin-
3, 3’-digallate and theaflavin-3-gallate were the major theaflavins in black tea. Tea powders in ruminant diets decreased 
in vitro rumen ammonia and methane production without affecting volatile fatty acid profiles and the degradability of the 
diets. The tea powders containing variable amounts of alkaloids, catechins and theaflavins can potentially be used to 
decrease rumen ammonia and methane productions without any detrimental effect on rumen functions in vitro and 
perhaps ruminant productive efficiency.  
INTRODUCTION 
Tea is perceived to be one of the healthiest drinks in the world. Tea drinks are obtained from dried leaves 
containing considerable amounts of protein, amino acids, fibre, lipids, sugars, vitamins, minerals [1] and secondary 
metabolites such as alkaloids (e.g. caffeine), polyphenols including catechins in green tea [2] and theaflavins in 
black tea leaves [3] and saponins [4]. Many researchers have found potential antioxidant and cancer prevention 
activities in caffeine [5], catechins [6,7] and theaflavins [8] but there is a limited information on their potentials as 
additives in ruminant diets. Adding polyphenols such as tannins in ruminant diets may increase the availability of 
by-pass protein and non-ammonia nitrogen supply to be absorbed in small intestine due to their ability to bind to 
plant proteins reducing their breakdown and thus reducing ammonia production during rumen degradation of the 
feeds [9-10]. Tannins are also known for reducing methane, improving animal health [11,12] and for increasing 
rumenic acid and polyunsaturated fatty acids while decreasing saturated fatty acids in meat and milk [13,14]. 
Methane is energetically wasteful end products of rumen fermentation and its production is associated with the loss 
of gross energy use by 2-12% [15]. Methane releases from ruminants are known to highly contribute to global 
warming [16]. Hence, methane mitigation in ruminants is an aim, not only for environmental advantage, but also for 
feed utilization efficiency. However, it is expected that each secondary metabolite-rich plant is unique in its bio-
active constituents that need to be investigated for their effectiveness to manipulate rumen fermentation. Therefore, 
characterizing tea leaves both green and black teas for alkaloid and polyphenol components is necessary before their 
use as potential feed additives to manipulate rumen fermentation and improve animal health and production. The 
objectives of this study are (1) to simultaneously analyse alkaloids and phenolics in green and black tea leaves and 
(2) to discuss the hypothesis that tea leaf inclusions into ruminant diets can not only reduce in vitro rumen ammonia, 
but also methane production without any detrimental effects on the rumen function.  
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MATERIALS AND METHODS 
Chemicals 
Appropriate amounts of purified theobromine (≥ 99%), caffeine (purum, anhydrous ≥99%), rutin (quercetin 3 ᵦ-D 
rutinoside about 95%), green tea extracts comprising (-)-gallocatechin (GC ≥98%), (-)-epigallocatechin (Fluka grade 
EGC, ≥90%), (+)-catechin (C ≥99%), (-)-epicatechin (EC ≥98%), (-)-epigallocatechin gallate ((EGCG) ≥95%), (-)-
gallocatechin gallate (GCG ≥98%), (-)-epicatechin gallate (ECG ≥98%), (-)-catechin gallate (CG ≥98%) and black 
tea extracts comprising theaflavin (TF), theaflavin-3-gallate (TF-3-G), theaflavin-3’-gallate (TF-3’-G) and 
theaflavin-3,3’-digallate (TF-3,3’-DG) ≥80%) were purchased from Sigma-Aldrich (Gillingham, UK). Methanol and 
acetonitrile were HPLC grade and purchased from Fisher Scientific (Loughborough, UK) while orthophosphoric 
acid was purchased from BDH chemicals UK. Distilled water used in this analysis was purified with a Barnstead 
Nano-pure water system (Thermo Scientific, UK) before it is used to prepare solutions and standards for the HPLC 
analysis of samples.  
Sample Preparation  
Tea sample preparation methods and the experimental design used in this study were identical to those reported 
by Ramdani et al. [1]. Briefly, green and black tea leaves were obtained from a tea processing company (PT. Kabepe 
Chakra), located in Bandung, West Java, Indonesia. The green tea leaves were graded as Sow Mee (Code: SM #315) 
while the black tea leaves were graded as Broken Orange Pekoe Fanning (Code: BOPF #355). The leaves were 
plucked from Camellia sinensis var. Assamica tea plants from the same farm. Green and black tea powders were 
made by grinding both tea leaves through a 1 mm sieve (Cyclotec 1093, Tecator, Sweden).  
Sample Extraction 
About 200 mg (± 1 mg) of each ground tea powders are weighed, added to the centrifuge tube of 20 ml capacity 
to which 80% aqueous methanol was added and the contents are mixed overnight using an automatic mixer (Karl 
Hecht ‘Assistant 348’, Germany) in the dark. After this mixing, all extracts were centrifuged at 40C in a refrigerated 
centrifuge (Baird & Tatlock Ltd., UK) at 3000 rpm for 10 minutes and each supernatant is transferred into a screw-
cap brown vial and stored at -200C before performing the HPLC analysis.  
Standards Preparation  
To each 1 mg vial of EGC, EC and CG 1 ml methanol was added and the contents were gently mixed. About 0.1 
ml of each mixture was diluted in a separate vial with 80% aqueous methanol to reach the concentration of 0.1, 0.01 
and 0.01 mg ml-1, respectively. Meanwhile, GC, GCG, ECG and EGCG were purchased in 5-50 mg packages and 
about 1 mg of these standards was analytically weighed and dissolved in 80% of aqueous methanol to meet the 
concentration of 0.05, 0.025, 0.05 and 0.5 mg ml-1, respectively. As the amounts of theobromine, caffeine and rutin, 
were plentiful, 10 mg each of these were weighed and dissolved in 80% aqueous methanol to reach the 
concentration of 0.01, 0.1, 0.01 and 0.01 mg ml-1, respectively. Only theobromine and rutin had to be dissolved on a 
magnetic stirrer with gentle heating to speed up their solubility. Finally, each standard solution was transferred into a 
screw-cap brown vial before performing HPLC analysis to the extracted samples. The standard solutions were 
freshly prepared immediately before their analysis. Individual standards of theobromine, GC, EGC, C, caffeine, EC, 
EGCG, GCG, ECG, CG, rutin and black tea extract were prepared in 80% methanol to provide concentration in the 
range of 0.01 to 0.5 mg ml-1. 
HPLC Analysis 
HPLC analysis was carried out using an HPLC system (Shimadzu, Kyoto, Japan) with auto sampler (SIL-20AC), 
liquid chromatogram (LC-20AD), degasser (DGU-20AD), column oven (CTO-20AC), photo diode array detector 
(SPD-M20A) and communication bus module (SBM-20A) was connected to the Shimadzu LC Solution software. A 
C18 reverse phase column (Spherisorb ODS2, 5 μm, 250 x 4.6 mm i.e. 5 μm, Phenomenex, Cheshire England) fitted 
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with a guard column (10 mm x 4.6 mm) of the same pacing material was used with the column oven set at 40oC. The 
eluate UV spectra was recorded from 227-550 nm but 270 nm was chosen as the optimum wavelength to identify all 
the peaks. Two mobile phases, (A) 1% w/v orthophosphoric acid and (B) acetonitrile (≥ 99.9%), were utilized for 
gradient elution at 1 ml minute-1 using the gradient profile described by Turkmen and Veliooglu as follows: 8% B 
for 10 minutes increasing to 18% B at 57 minutes; 24% B at 78 minutes; 26% B at 80 minutes; 28% B at 92 
minutes; 80% B at 98 minutes; 8% B at 108 minutes. Column equilibration was done in about 20 minutes and an 
automatic batch run started and operated by the Shimadzu LC Solution software integrated to a computer where the 
injection volume was 20 μl. Each compound was identified and quantified according to the retention time and 
spectrum view of the corresponding standard.  
Statistical Analysis  
Minitab 16 software was utilized in statistical analysis. One-way analysis of variance (ANOVA) was used to 
compare green and black tea powders for their bioactive components (n=6) at statistical difference P < 0.05 or 
below.  
RESULTS AND DISCUSSIONS 
Chromatogram Profiles 
Figures 1 and 2 show that the HPLC method worked very well to simultaneously identify the extractable 
components in green and black tea powders. A total of fifteen compounds were identified as follows: Theobromine, 
GC, EGC, C, Caffeine, EC, EGCG, GCG, ECG, CG, Rutin, TF, TF-3-G, TF-3’-G and TF-3,3’-DG. Only GC could 
not be identified in black tea powder. The chromatogram peaks of theaflavins had longer retention times in 
comparison with those of catechins suggesting that shortening elution gradients is preferable if only alkaloids and 
catechins in green tea products were to be identified. The higher concentrations of theaflavins in black tea leaves is 
most likely a result of the oxidative fermentation process in black tea processing where most catechins are converted 
into theaflavins [17]. 
 
 
FIGURE 1. Chromatogram profiles of extractable components in green tea powder: 1) Theobromine, 2) GC, 3) EGC, 4) C, 5) 
Caffeine, 6) EC, 7) EGCG, 8) GCG, 9) ECG, 10) CG, 11) Rutin, 12) TF, 13) TF-3-G, 14) TF-3’-G and 15) TF-3,3’-DG 
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FIGURE 2. Chromatogram profiles of extractable components in black tea powder: 1) Theobromine, 2) GC is not identified, 3) 
EGC, 4) C, 5) Caffeine, 6) EC, 7) EGCG, 8) GCG, 9) ECG, 10) CG, 11) Rutin, 12) TF, 13) TF-3-G, 14) TF-3’-G  
and 15) TF-3,3’-DG 
 
TABLE 1. Mean (± SD) alkaloid and polyphenol components (g kg-1 DM) of green and black tea leaves 
Compounds 
(g kg-1 DM) 
Tea types 
SEM 
Green  Black  
Theobromine 2.58 ± 0.048 1.37 ± 0.026 0.022*** 
Caffeine 28.9 ± 0.302 27.4 ± 0.248 0.159** 
Total alkaloids 31.5 ± 0.311 28.7 ± 0.249 0.163*** 
GC 4.93 ± 0.022 n.d n.d. 
EGC 22.4 ± 0.168 3.51 ± 0.101 0.080*** 
C 1.30 ± 0.028 0.40 ± 0.003 0.011*** 
EC 2.13 ± 0.082 0.28 ± 0.004 0.034*** 
EGCG 94.6 ± 0.611 4.45 ± 0.222 0.266*** 
GCG 1.15 ± 0.085 0.60 ± 0.097 0.053** 
ECG 25.5 ± 0.513 5.41 ± 0.099 0.214*** 
CG 3.10 ± 0.101 1.33 ± 0.007 0.041*** 
Total catechins 155 ± 0.343 16.0 ± 0.459 0.233*** 
TF 0.28 ± 0.032 2.33 ± 0.237 0.016*** 
TF-3-G 0.22 ± 0.004 4.57 ± 0.048 0.020*** 
TF-3’-G 0.35 ± 0.004 2.80 ± 0.046 0.080*** 
TF-3,3’-DG 0.38 ± 0.018 6.98 ± 0.123 0.051*** 
Total 
theaflavins 
1.24 ± 0.054 16.7 ± 0.241 0.101*** 
Rutin 2.11 ± 0.052 2.03 ± 0.013 0.022NS 
Here *, ** and *** represent significant differences between means at P < 0.05 or P < 0.01 or P < 0.001 
respectively; SEM, standard error of mean; n, number of replicates; n.d, not detected; GC, gallocatechin; 
EGC, epigallocatechin; C, catechin; EC, epicatechin; EGCG, epigallocatechin gallate; GCG, gallocatechin 
gallate; ECG, epicatechin gallate; CG, catechin gallate; TF, theaflavin; TF-3-G, theaflavin-3-gallate; TF-3’-
G, theaflavin-3’-gallate; TF-3,3’-DG, theaflavin-3,3’-digallate. 
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Alkaloid and Polyphenol Contents in Green and Black Tea Leaves  
Table 1 shows the comparison between green and black tea leaves for alkaloid and polyphenol characteristics. 
Caffeine was the major alkaloid in both tea leaves where the caffeine concentration in green tea was significantly 
higher than in black tea leaves. Green tea leaves had significantly higher concentrations of alkaloids and catechins 
but significantly less theaflavins than black tea leaves. Both tea leaves had similar rutin contents. Furthermore, 
concentrations of all individual catechins in green tea were significantly higher than those in black tea leaves. 
Conversely, concentrations of all individual theaflavins in black tea leaves were significantly greater than those in 
green tea leaves. In green tea, EGCG was the major catechin, followed by ECG, EGC, GC and CG, respectively 
while ECG, EGCG and EGC were the most common catechins found in black tea. In addition, the concentration of 
TF-3,3’-DG was highest in black tea, followed by TF-3-G, TF-3’-G and TF, respectively. 
Potential of Tea Leaves as Additives in Ruminant Diets 
There are no adequate references currently available on the beneficial effects of specific tea-bioactive 
compounds for ruminants perhaps due to their unavoidable interaction with rumen microbes. Generally, tea 
polyphenols or tannins can reduce the solubility and rumen degradability of most leaf proteins due to their protein 
binding properties. Consequently, they can reduce rumen ammonia production and increase the availability of by-
pass protein and non-ammonia nitrogen supply to be absorbed in the small intestine [9,10,18]. Although ammonia is 
an important source of N for rumen microbes, its over or fast production may exceed the ability of microbes to 
utilize it. This can lead to an excessive ammonia supply, that after absorption through rumen wall will enter the 
blood stream, pass to the liver and is eventually excreted in urine as a N waste [19]. In addition, tannin extract 
supplementations into ruminant diets, have shown to reduce methane production that might be achieved by slowing 
the inter-species transfer of H2 into methanogenic bacteria and thus depressing their growth [20-22]. Methane 
mitigation in ruminant productions is important not only for reducing global warming potential, but also for feed 
utilization efficiency. It was reported that tannin extract could inhibit the growth of gastro-intestinal nematodes in 
ruminants [23]. In addition, tannin supplementation also has been reported to increase the rumenic acid and 
polyunsaturated fatty acid contents and decrease the saturated fatty acid content in ruminant products such as meat 
and milk through altered bio-hydrogenation by changing the microbial population in the rumen [13,14].  
Tannin supplementation can reduce feed intake, digestibility and animal performance and at high concentration, 
it can be toxic for animals [24]. However, Ramdani et al. [25] found that tea leaves inclusions have no detrimental 
effect on rumen functions nor degradability of the diets. They also reported that green tea inclusions resulted in 
greater in vitro degradability in comparison with black tea leaves confirming that catechins in green tea is likely to 
be more suitable for the function of rumen microbes than theaflavins in the black tea leaves. Of course, the 
suitability of various tea products as a feed additive must be further tested in vivo to identify the safe level of a most 
appropriate tea product in ruminant diets to optimise rumen function, reduce nutrient waste and improve animal 
performance.  
In conclusion, green and black tea leaves contained considerable amount of caffeine. However, green tea leaves 
were rich in catechins while black tea leaves were rich in theaflavins. Plant secondary metabolites such as alkaloids, 
catechins and theaflavins in tea products may have the potential to decrease ammonia and methane productions 
without any harmful effect on rumen functions. Further in vivo experiment is needed to investigate the suitability of 
various tea leaf products as a feed additive to optimise rumen function, reduce nutrient waste and improve animal 
performance before using these products as a natural alternative to replace growth-promoting antibiotics that have 
been banned in the European Union since 2003 (1831/2003; EC, 2003) and which may also be banned in other 
countries in the future. 
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